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Abstract 
This research is part of a wider scientific Italian-Indo project finalised to shed lights on pottery fabrication and trade 
circulation in Tamil Nadu region during Early Historical Period. The recent archaeological excavations carried out in 
Alagankulam—a famous harbour trading with the eastern and western world—and in Keeladi—the most ancient 
civilization centre attested in Tamil Nadu region—provided numerous fragments of archaeological ceramics. The 
typological analysis enabled the identification of different pottery classes, suggesting the presence of local produc-
tions, possible imports and imitations. Studied shards included common Indian vessels, fine wares and luxury ware 
repertoire. The provenance identification of some of the studied typologies is still debated in the literature; for long 
time, the misattribution of several ceramic classes has led to wrong interpretations on the commercial connections 
between India and the Western and Eastern Mediterranean area. The minero-petrographic and spectroscopic inves-
tigation of several ceramic fragments from the two investigated archaeological sites enabled the systematic com-
positional characterization of specific ceramic classes both locally manufactured and imported. The obtained results 
contributed to draw short-range and long-range connections in Tamil Nadu area.
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Introduction
Potteries represent one of the most useful archaeologi-
cal artifacts in reconstructing human activity in the past. 
Being part of daily use, potteries can support the inter-
pretation of dynamics related to trade, manufacture rou-
tines, cultural identity and artistic traditions.
The analysis of ceramic fabric, the characterization of 
clay composition and of the decorations (if present) can 
be used to locate production centers, indicate manu-
facture routines, interpret the progress of technology 
and the modes of consumption of a site [1–3]. Petro-
graphic observations, mineralogical analysis and spectro-
scopic investigations are only few among the numerous 
scientific methods able to examine the material nature 
of ceramic materials and answer to archaeological and 
anthropological research questions [4, 5].
Provenance studies can contribute to the reconstruc-
tion of trade routes in ancient areas; this is particularly 
relevant in studying harbour cities, where commercial 
contacts and social activities promoted the commerciali-
zation of goods and cultural exchanges [6].
An interesting example in the light of the archaeologi-
cal and historical researches in Tamil Nadu region (India) 
is the Alagankulam harbour; it was one of the main 
entrepôt of South-India in antiquity. Recent archaeologi-
cal excavations carried out in Tamil Nadu region enabled 
to explore new structures and archaeological records in 
this famous city; moreover, the first settlement of the 
ancient civilization in Tamil Nadu-the Keeladi village-
was discovered and explored in the proximity of the Vai-
gai River.
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The two archaeological sites were rather close to each 
other and built in the proximity of the same river; how-
ever, their economic and socio-cultural organization 
were different. Alagankulam was a very active trade cen-
tre where local products credibly co-existed with long-
range imported goods; in fact, several pottery fragments 
were found in the site during the new excavation cam-
paign, including transport vessels, jars, common ware 
(e.g. black-and-red ware), and fine table ware (e.g., rou-
letted ware, black ware, Fine Grey potteries, Northern 
black polished ware). On the contrary, in Keeladi only 
few shapes were found; they mainly consist of domes-
tic vessels, common wares (e.g., black-and-red ware and 
coarse red ware) and of red slipped wares.
The different ceramic classes found in the two sites can 
be used to define their context and chronology. Black-
and-red ware (BRW) represents a class of artefacts gen-
erally attributed to the ancient Indian tradition (since 
the beginning of the I millennium B.C.); the name is 
related to its appearance, which is red and back in col-
our. According to the literature, black-and-red ware was 
produced by positioning upside down the vessels in the 
kiln with vegetal materials inside; the outside part, was 
subjected to oxidizing condition and turned in red, while 
the inner surface and the rims, under reducing condi-
tions, turned in black [7]. This class of vessels is largely 
attested in several site through India and it is character-
ised by a variability in fabric and manufacture technology 
in respect to the production area [8]. Black ware (BW) 
is a class of vessels largely attested in India from the first 
half of the I millennium and had a lost-lasting tradition 
[9]; similarly to black-and-red ware, black ware is attested 
with various fabrics, according to the local raw materials 
used for its production.
Northern Polished Black Ware (NPBW) represents a 
class of vessels largely found through India; it is consid-
ered part of the luxury ware repertoire. Its production 
spread just after the so called Gray Painted Ware culture 
and it is traditionally located in the area of the Ganga 
Plains [10]. Regarding the periodization, a recent archae-
ological and stratigraphic revision dated the NPBW 
production between the VII B.C. and the I B.C. [10, 11]. 
NPBW is characterized by a lustrous black slip glossy 
surface; this was obtained in the Indian tradition by the 
application of a refined clay slip and an organic liquid on 
the vessel, thus fired under reducing kiln conditions [11, 
12].
Fine Grey Potteries represent a class of very fine 
and luxurious sherds largely attested in India and only 
recently recognized as imports from the Northern Indian 
areas [13–21]. For long time, these vessels were inter-
preted as Roman productions [20, 21]; the misattribution 
was due to their fine quality, their slipped fabric (red or 
black) [21] and their wide distribution in Sri Lanka and 
eastern India, in the far East (e.g., in Indonesia), in Egypt, 
and in Bernike harbour. Fine Grey Potteries include, 
among other types, rouletted ware (RW) and red pol-
ished ware (RPW). Rouletted ware (RW) is characterized 
by an hard-glossy surface and a compact clay paste; it is 
easily identified by a distinct decoration pattern, due to 
bands of indentions with different shapes, such as lines, 
dots, diamonds and triangles, made by using a roulette 
[15]. Recent studies on rouletted ware found in Sri Lanka, 
Vietnam, India and reference clays from Chandraketu-
garh suggested the Ganges Valley as probable production 
centre [16, 17, 20]; in fact, its Indian provenance is cur-
rently accepted. Rouletted ware can be considered as an 
indicator of the intense Indian trades within the Indian 
Ocean and the Mediterranean regions. Rouletted ware 
seems to be dated between II B.C. and I A.D., before the 
appearance of Roman sigillata in India [13, 21]. According 
to the Tissamaharama pottery sequence and the recent 
periodization proposed by Schenk [13], it circulated for 
a limited time-interval (in Tissamaharama the first frag-
ment is dated II B.C.), specifically till the I B.C. Its circu-
lation promoted the production of later local imitations 
differing from the genuine ones for their coarse-grain 
clay paste. Red polished ware (RPW) includes typical 
shapes consisting in ritual vessels (i.e., spouted jugs and 
sprinklers) and is characterized by a fine quality red slip. 
It was for long time misinterpreted as Roman import 
due to the similarities with the well-known terra sigil-
lata. However, recent researches and discoveries along 
the Persian Gulf enabled its attribution to Indian produc-
tion, making it possible to consider red polished ware as 
an indicator of connections within the Indian Ocean at 
the Periplus-time [13]. Among the Indian findings, sigil-
lata ware is the most debated ceramic class; its occur-
rence and identification are largely questioned since the 
Wheeler discoveries at Arikamedu [14], and the Begley’s 
reconsiderations [15]. To date, the attribution of sigillata 
ware has to be evaluated with caution; in fact, several 
sigillata productions attested in different periods were 
traded to India, such as the Italian sigillata, the Eastern 
Sigillata A (from Syria) and the Eastern Sigillata B (from 
Western Asia Minor). Thus, the attribution of sigillata 
ware needs a careful examination of the archaeological 
context and the dating of pottery sequence.
The Indian Ocean thus represented one of the 
most active hubs of ancient trade [22]. Several stud-
ies described the extent of numerous commercial and 
social exchanges in several harbours and entrepôt along 
the Indian Ocean costs [23–29]. However, only few con-
tributes provided analytical reference data on potter-
ies for the definition of compositional reference groups 
[29–34]. This study aims to enlarge knowledge on pottery 
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fabrication and trade circulation in Tamil Nadu region 
by analysing potteries from the Alagankulam and Kee-
ladi sites. The archaeological records were analysed by 
minero-petrographic, chemical and spectroscopic meth-
ods. The obtained results enabled the characterization of 
ceramic fabrics and the reconstruction of exchanges in 
Tamil Nadu area, getting the basis for a reference data-
base of Indian Tamil productions.
Archaeological framework
Alagankulam was the official harbor of the Pandya King-
dom in Madurai, in Tamil Nadu region (Fig. 1). Accord-
ing to the local inscriptions (Sangam literature) and some 
Roman authors such as Strabo (25 B.C.) and Pliny (75 
B.C.), the Pandya established an intense trade and com-
mercial relations with the Mediterranean area since the 
II century B.C. The archaeological excavations carried 
out in Alagankulam by the State Archaeological Depart-
ment of Tamil Nadu in 2005 brought to the light numer-
ous ceramic records mainly consisting in fine ware and 
transport vessels, among which local productions, possi-
ble imitations and imports were documented. Based on 
the radiocarbon dating of the strata (State Archaeological 
Department, Tamil Nadu, personal communication) the 
occupancy of the site is attested since IV-III century B.C.; 
the more recent excavated strata are dated to the I cen-
tury B.C.–I century A.D.
Keeladi is located 12 km southeast of Madurai and 2 km 
from the Vaigai River, on its northern side (see Fig. 1). It 
is an archaeological center dated back to Sangam Era and 
it is considered one of the most ancient civilization cent-
ers in Tamil Nadu region. The site was extensively exca-
vated by the State Archaeological Department of Tamil 
Nadu in 2017 with the exploration of 15 trenches exca-
vated along their stratigraphy.
As far as the chronology (State Archaeological Depart-
ment, Tamil Nadu, personal communication), the first 
occupancy of the site is dated to VI-V century B.C., while 
the more recent strata are dated to the II-I century B.C.
Materials and Methods
The analysed ceramic corpus
In this study twenty-nine pottery fragments representa-
tive of different typological classes have been selected 
and analysed: twelve samples from Alagankulam site 
(labelled as A_#, Fig. 2, Table 1) and seventeen from Kee-
ladi archaeological site (labelled as K_#, Fig. 3, Table 1).  
The fragments selected from the Alagankulam corpus 
are representative of the different table ware typologies 
found in the excavation; they consist in black rouletted 
ware (RW, A15), sigillata ware (A16), grey ware (GW, 
A17), black ware (BW, A18), red roulette ware (RW, A19), 
red ware (RDW, A20), black-and-red ware (BRW, A21), 
northern black polished ware (NBPW, A22). They were 
found in strata dated between the II B.C. to the I A.D.; 
shapes are mainly table bowls [35].
From Keeladi, two main classes were identified: coarse 
red ware (K1, K4, K5, K6, K11, K12) and black-and-red 
table ware (K3, K7, K8, K9, K10, K13, K14, K15, K17), 
both interpreted as Indian productions. Coarse red 
ware is characterised by jars with narrow and short neck 
and globular body; on the contrary, black-and-red ware 
includes open shapes consisting in simple forms as table 
bowls with incurved rims [8]. Only two examples of red 
polished ware (K2, K16) are attested; they consist in a 
bowl and a small jar, respectively.
Looking at the stratigraphy, black-and-red ware is testi-
fied along the entire excavated strata (from the V to the 
II-I century B.C.), coarse red ware is attested in the strata 
dated back to III-II century B.C., while red-slipped ware 
is attested only in the later phases (III-I century B.C.).
Experimental
The mineralogical and petrographic characteristics were 
recorded by thin section analysis by using a light micro-
scope. Potteries were described according to Whitbread 
method [36] enabling the classification of different fab-
rics discriminated for clay matrix, microstructure and 
aplastic fraction features. X-ray diffraction (XRD) analy-
ses were performed to investigate the bulk mineralogi-
cal composition; diffraction patterns were collected on 
a selection of thirteen powdered samples, representa-
tive of the identified petrographic fabrics. A Bruker D2 
PHASER operating with Cu-Kα radiation at wavelength 
of 1.5406 Å was used; spectra were collected in the range 
of 01°–70° 2θ. Non-destructive spectroscopic investiga-
tions were carried out on fresh cut surface by using the 
Bruker ELIO portable ED-XRF spectrometer equipped 
with an SDD detector and an X-Ray tube with Rhodium 
anode. The measuring spot on the surface is about 1 mm 
in diameter. The operational parameters were: 60 s acqui-
sition time, 20  keV tension and a current of 80 μA. To 
ensure the repeatability of the experiment, two different 
points on the bulk have been measured for each sample. 
The portable ED-XRF instruments cannot detect light 
elements preventing a full quantitative analysis; never-
theless, data enable to exploit the Fundamental Param-
eter Method [37] for obtaining a rough estimation of 
the elemental concentrations and their variation from 
one sample to the other. The elemental concentrations 
obtained with the Fundamental Parameter Method were 
averaged and used as input for a Principal Component 
Analysis.
Micro-Raman analyses were carried out on slipped 
surfaces by using a Renishaw In Via Spectrograph with a 
multichannel air-cooled CCD detector, equipped with a 
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Fig. 1 Map of the south eastern India with location of the two archaeological sites
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He–Ne laser (633 nm) operated at the nominal power of 
0.6 mW with an Olympus 50X objective. The spectral res-
olution of the instrument is about 0.5 cm−1 and the spec-
tral range analyzed between 100 and 3200 cm−1. Typical 
measurements conditions were 10 s integration time and 
10 accumulations. The laser power was set to avoid pos-
sible degradation of the sample. The spectral calibration 
of the instrument was performed on the 520.5 cm−1 band 
of a pure silicon crystal.
Results and discussion
Minero‑petrographic characterization
The thin section observation carried out on potteries 
from Alagankulam enabled the identification of two pet-
rographic fabrics. Fabric AGM-1 is characterized by silty 
and fine-grained matrix without tempers; otherwise, fab-
ric AGM-2 is characterised by a silty ceramic paste and 
coarse-grained aplastic fraction.
Fabric AGM-1 (A15, A16, A17, A18, A19, A20, A22, 
(Fig. 4a–c) includes only fine-grained table ware; shards 
are characterised by a silty and micaceous matrix, rang-
ing from orange (in A19 and A20) to brown-grey in col-
our (A15, A16, A17, A18, A22). Optical activity ranges 
from medium to high, absent in A16. The microstructure 
is the result of irregular and elongated voids, determining 
low porosity; some of the voids are due to fossil tests or 
mould. The aplastic fraction is always very fine (< 50 µm) 
and it is characterised by quartz and white mica. Amor-
phous concentration features (ACF) are presents; more-
over, secondary recrystallization calcite is present into 
the bigger pores. In Fabric AGM-2 is included only one 
sample (A21, Fig. 4d); it is characterized by silty matrix, 
dark brown in colour. Optical activity is from medium 
to low. Microstructure is the result of elongated micro-
pores (opening max < 50 μm), with a preferential orienta-
tion; they are attributable fibres’ residue. Rare fossils (e.g., 
foraminifera) are recognised in form of fossil moulds or 
tests. The aplastic fraction, rather abundant (~ 40–50%,), 
is from sub-rounded to sub-angular in shape, with pol-
ymodal grainsize distribution. It consists in fractured 
Fig. 2 Selection of pottery sherds from Alagankulam. a A15, rouletted ware (black), b A16, sigillata ware, c A17, grey ware, d A18, black ware, e A19, 
rouletted ware (red), f A20, red polished ware, g A21, black and red ware, and h A22, northern black polished ware
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quartz, feldspars (among which plagioclase), altered feld-
spars with evidences of perthite mixing, preferentially 
oriented micas, amphibole, pyroxenes, biotite lamellae, 
rare zircon, titanite, ilmenite, magnetite. Granulite rock 
fragments sub-angular in shape are present; they were 
probably smashed and intentional added as tempers.
The petrographic observation suggested the use of 
highly depurated clays for the shards in Fabric AGM-1; 
the XRD mineralogical analysis (Table  2) indicated the 
use of illite clays, with quartz and feldspars; unfortu-
nately, the analysis did not evidenced diagnostic mineral-
ogical assemblages able to provide discrimination criteria 
among the analysed sherds. On the contrary, the X-ray 
diffraction pattern collected on the black-and-red shard 
(A21) revealed a peculiar mineralogical suite, which is 
characterised by anorthite, amphibole, pyroxene, ilmen-
ite and titanite, in accordance with the petrographic 
observation; a different raw materials source and tech-
nology can be thus proposed for this shard.
The analysis of the vessels from Keeladi enabled the 
identification of two petrographic fabrics and two sin-
gularities. The Fabric KLD-1 includes coarse red ware 
vessels (CRW, sample K1, K4, K5 K6, K11, K12; Fig. 5a, 
b). They are characterised by a silty matrix, ranging 
from ochre-brown to ochre in colour and with a grey 
core; this heterogenous aspect is attributable to a tem-
perature gradient during firing. Optical activity is from 
medium to high. Microstructure is the result of elon-
gated pores, which are from 50 μm to 400 μm in dimen-
sion; larger irregular voids are also present (700  μm). 
Rare fossils (e.g., foraminifera) are present in form of 
moulds or tests. The aplastic fraction, rather abundant 
(about 40%), is sub-rounded/sub-angular in shape; it 
exhibits a polymodal grainsize distribution and the 
dimension of grains ranges from 500 μm to 1 mm. The 
composition is the result of fractured quartz, feldspars 
(some of which exhibiting perthite mixing), plagio-
clase, altered feldspars, biotite lamellae, micas (exhib-
iting preferential orientation), amphibole, pyroxenes, 
titanite, ilmenite, magnetite, and rare zircon. Granulite 
rock fragments sub-angular in shape are present, prob-
ably smashed and intentionally added as tempers. Sec-
ondary recrystallization phases are present, along with 
other secondary phases related to the burial environ-
ment. Amorphous crystalline phases (ACF) and abun-
dant clay cloths are observed.
Table 1 List of analysed samples, with typology and color indication [43, 44]
Sample No. Site Munsell colour (surface) Munsell colour (bulk) Typological classification
A15 Alagankulam 7.5YR 5/1 7.5YR 5/1 Rouletted ware (black) (RW)
A16 7.5YR 4/3 + 7.5YR 6/6 7.5YR 5/1 Sigillata
A17 7.5YR 6/1 7.5YR 6/1 Grey ware (GW)
A18 5YR 2.5/1 7.5YR 3/1 Black ware (BW)
A19 5YR 6/8 5YR 6/8 Rouletted ware (red) (RW)
A20 7.5YR 6/8 7.5YR 6/8 Red polished ware (RPW)
A21 5YR 2.5/1 + 5YR 5/8 7.5YR 5/2 +7.5YR 5/7 Black-and-red ware (BRW)
A22 5YR 2.5/1 7.5YR 3/1 Northern Black Polished Ware (NBPW)
K1 Keeladi 7.5YR 5/6 7.5YR 5/6 + 7.5YR 5/2 Coarse Red Ware (CRW)
K2 5YR 4/6 7.5YR 6/8 Red polished ware (RPW)
K3 5YR 2.5/1 + 7.5YR 5/8 7.5YR 5/2 Black-and-red ware (BRW)
K4 5YR 3/3 5YR 4/6 Coarse Red Ware (CRW)
K5 7.5YR 6/4 5YR 5/6 Coarse Red Ware (CRW)
K6 5YR 5/8 5YR 4/6 Coarse Red Ware (CRW)
K7 5YR 2.5/1 + 5YR 4/6 7.5YR 2.5/1 + 5YR 5/2 Black-and-red wares (BRW)
K8 5YR 2.5/1 + 7.5YR 5/8 7.5YR 5/1 + 5YR 6/4 Black-and-red wares (BRW)
K9 5YR 2.5/1 + 5YR 5/6 5YR 4/1 + 5YR 5/4 Black-and-red ware (BRW)
K10 5YR 2.5/1 7.5YR 3/1 Black-and-red ware (BRW)
K11 5YR 5/8 5YR 5/3 + 5YR 5/8 Coarse Red Ware (CRW)
K12 5YR 4/6 5YR 4/6 Coarse Red Ware (CRW)
K13 5YR 5/8 7.5YR 2.5/1 Black-and-red ware (BRW)
K14 5YR 2.5/1 5YR 3/1 Black-and-red ware (BRW)
K15 5YR 2.5/1 + 5YR 5/4 7.5YR 2.5/1 Black-and-red ware (BRW)
K16 5YR 5/8 5YR 5/8 + 5YR 2.5/1 Red polished ware (RPW)
K17 5YR 2.5/1 + 5YR 5/6 7.5YR 2.5/1 Black-and-red ware (BRW)
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Fig. 3 Selection of pottery sherds from Keeladi. Black and red ware: a K7, b K9; Coarse red ware: c K1, d K11; Red polished ware: e K16 and f K2
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The samples in Fabric KLD-2 (BRW, K3, K7, K8, K9, 
K10, K13, K14, K15, K17; Fig.  5c, d) are black-and-red 
pots; shards in this fabric are characterised by silty and 
micaceous matrix, abundant biotite lamellae and granu-
lite rock fragments. They differ from KLD-1 fabric in 
microstructure’s characteristic; the aplastic grainsize is 
fine (100 µm), the body-paste is black and they are char-
acterised by a surface slip ranging in thickness from 50 to 
500 µm; the microstructure is the result of irregular and 
elongated micropores attributable to fibres residues.
Sample K2 is a red polished ware (Fabric KLD-3, 
Fig.  5e); it is characterised by silty matrix, homog-
enous, reddish-yellow in colour, with high optical activ-
ity. Microstructure is due to elongated voids, exhibiting 
a preferential orientation. The aplastic fraction exhibits 
a polymodal grainsize distribution with granitoid rock 
fragments, quartz and feldspar, rare zircon and pyrox-
ene. Abundant red amorphous phases (ACF, depletion) 
and recrystallization phases are present. In Fabric KLD-4 
(RPW, Fig. 5f ) the red polished ware K16 is characterised 
by clayey and micaceous matrix, orange in colour with a 
black core and low optical activity. Microstructure is the 
result of elongated and oriented micro-pores. Aplastic 
fraction (about 40%) is polymodal in grain-size distri-
bution (average 600  μm) and sub-rounded/sub-angular 
in shape; its composition is fractured quartz, feldspars 
(some of which exhibiting perthite mixing), plagioclase, 
altered feldspars, biotite lamellae, micas (exhibiting pref-
erential orientation), amphibole, pyroxenes, titanite, 
ilmenite, magnetite, and rare zircon. Dry clay pellets were 
finally observed.
The mineralogical composition of Keeladi shards 
(Table 2) well match with the thin section observations. 
In fabric KLD-1 and KLD-2 the clays are characterized 
by illite composition and the absence of newly formed 
minerals; other mineral phases related to tempers were 
detected. These results enabled us to propose the use of 
not calcareous illite clays fired at low temperatures and in 
not-homogenous furnace conditions.
A similar mineralogical composition characterized the 
red polished ware labelled as K16, while slightly different 
mineral phases were detected in K2 sample.
Chemical composition
The multivariate statistical analysis applied on chemical 
data [37] (Additional file  1: Table  S1) enabled the dis-
crimination of ceramic typologies on chemical base. In 
Fig.  6 the first two Principal Component and the load-
ing plots are reported. The total variance expressed by 
the first two components is 73.5%. PC1 positive values 
are mainly influenced by Cr, while negative ones by Si; 
PC2 positive values are influenced by K, Fe and Ti, while 
negative values by Mn and Ca. The PCA analysis dis-
criminated two main groups: a group of samples in PC1 
Fig. 4 Microphotographs of samples from Alagankulam representative of the two identified fabrics. Fabric AGM-1: a A18, b A19, c A20; Fabric 
AGM-2: d A21. Scale bar: 500 µm
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negative direction and PC2 positive direction includes 
shards from Alagankulam, while most of the samples 
from Keeladi get together in PC1 positive direction and 
PC2 positive direction. This result reflects the mineral-
ogical composition of the shards. In fact, Keeladi samples 
are characterized by calcite-poor clays and granulite rock 
fragments, except for sample K2. The PC2 further dis-
criminated some of the shards. The K2 sample differs for 
its negative PC1 and PC2 values; in fact, it is character-
ized by different petrographic and mineralogical features. 
Similarly, PC2 negative values discriminate samples A17, 
A21 and K17. In fact, sample A21 differs from Alaganku-
lam fine ware for its mineralogical and petrographic fea-
tures; the negative PC2 values in K17 and A17 could be 
related to the influence of secondary calcite observed in 
thin section.
Raman analyses on black and red surfaces
Raman analysis was carried out on the slipped surface 
in black-and-red ware (Fig.  7).  The analyzed black  slip 
reveals the main peaks of amorphous carbon with char-
acteristic absorption peaks at 1390 cm−1 and 1610 cm−1 
[38]. The Raman spectra of the red slip  present the 
intense peak at 290 cm-1 together with the medium inten-
sity bands at 223, 407, 495, 609, and 1334 cm−1 charac-
teristics of haematite [39]; weak signals attributable to 
quartz were detected as well. The broad band at 661 cm−1 
might be assigned to magnetite trace  (Fe3O4), probably 
Fig. 5 Microphotographs of samples from Keeladi representative of the two identified fabrics. Fabric KLD-1: a K5, b K1; Fabric KLD-2: c K3 d K9; 
Fabric KLD-3: e K2, and Fabric KLD-4: f K16. Scale bar: 500 µm
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indicating a certain reduction during firing or impurities 
in raw materials [40].
Discussion
Most of the potteries from Alagankulam evidenced 
similar compositional and textural features, i.e. fine 
depurated clay pastes and fine glossy surface. The pet-
rographic observations did not provide diagnostic fea-
tures; on the contrary, mineralogical and chemical 
analysis revealed a compositional homogeneity for most 
of the studied samples, which would suggest a common 
provenance. According to the literature, the studied fine 
luxury ware repertoire is interpreted as imports from 
the North India; however, recent studies suggested that 
rouletted ware were manufactured in Tamil Nadu area 
and exported to North India [34]. The mineralogical and 
chemical differences observed between this corpus and 
the local common ware from Keeladi would suggest that 
fine ware was imported in Tamil Nadu, credibly from the 
Northern Indian regions. It is worth of note that the sam-
ple A16, which was preliminarily identified as sigillata, 
it is included in this compositional field. Based on the 
dating, it could be interpreted as an exemplary of East-
ern Sigillata A which production centers were in Eastern 
Fig. 6 Principal component analysis through detected chemical elements. Scores and loadings points are shown
Fig. 7 Raman spectra collected on black (a) and red (b) surfaces of black-and-red ware (BRW) in K15, as example
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Mediterranean area during Roman age (II century B.C.-
II century A.D.). Nevertheless, the chemical affinity with 
the fine ware imports would suggest a misclassification of 
the pottery; it could be classified as a red polished ware 
from the Northern Indian regions.
Black-and-red ware and coarse red ware from Keeladi 
are characterized by a mineralogical assemblage com-
patible with the local geological outcrops (i.e., pyroxene 
granulites and charnockite gneiss [41, 42]). This result 
enabled the characterization of the common ware Tamil 
Nadu production. The observed textural differences 
between the two ceramic classes could be attributed to 
the different function of the vessels, i.e. table bowls in 
black-and-red ware and storage jars in coarse red ware. 
The mineralogical composition of the vessels suggested 
the use of not calcareous illite clays and intermediate 
rock fragments, which is compatible with local clays 
geochemistry [34]. It is of interest that the shard from 
Alagankulam representative of the black-and-red ware 
(A21) found in the site can be attributed to the local 
Tamil Nadu production. This evidence would indicate 
the exchange of goods between the cost and the inland, 
where the local workshops were specialized in common 
ware fabrication. The Raman analysis carried out on the 
colored surfaces of the black-and-red vessels confirmed 
the application of the inverse firing routine; the carbon 
detected on the rims and on the inner surface is a residue 
of the vegetal materials used in the kiln and positioned 
inside the vessel. The technological routine used in Kee-
ladi to produce local common ware seems to be unvaried 
over the archaeological stratigraphy, which indicated the 
convey of technology and raw material source exploita-
tion over all the site occupancy.
Regarding the red polished ware, the literature located 
their production in Northern Indian sites, from Ganges 
Valley to Gujarat [20, 21]. However, the archaeological 
analysis evidenced that the import of specific typolo-
gies promoted the production of local imitations [13]; 
the red polished ware from Keeladi might be an example 
of this practice. In fact, sample K16 is compatible with 
the local geology, suggesting a local imitation; other-
wise, sample K2 is characterized by granitoid rock frag-
ments, not compatible with the local outcrops. Looking 
at the regional geological framework, a possible source 
area could be in the neighbors of Tiruchirappalli region, 
where granites outcrops occur [42]; it is therefore prob-
able that  local imitations produced in different location 
were traded in Tamil Nadu region.
Conclusions
To our knowledge, this research constitutes one among 
the few systematic studies on coherent corpora of 
ancient ceramics from Tamil Nadu. Beside the material 
characterization aspects, the study contributed to bet-
ter understand the commercial and social relations 
between harbors and the inland in Tamil Nadu region. 
In accordance with the literature, Alagankulam was 
involved in several trade routes; therefore, the char-
acterization of North Indian imports in Alagankulam 
enforced its role in the connective tissue of the India 
Ocean even prior than the Roman trades. The study 
further provided the characterization of the Tamil 
Nadu common ware fabric (black-and-red ware and 
coarse red ware) and testified the practice of local imi-
tation of red polished ware. The research, still in pro-
gress, intends to support the archaeological studies 
on the role of Tamil Nadu in the complex commercial 
tissue of the Indian Ocean in antiquity. Advanced and 
ongoing investigations on transport vessels contributed 
in drawing some of the ancient trade routes established 
within the Indian Ocean.
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